INTRODUCTION {#s1}
============

Tumor cells in vivo have a high phenotypic plasticity that is likely to be required to survive and escape the host immune system. A hallmark of cancer progression is the acquisition of invasion and metastasis capacity \[[@R1], [@R2]\]. There is increasing evidence that interactions between the primary tumor and the ambient stroma creates a microenvironment that enables single tumor cells to metastasize \[[@R2]\]. During metastasis, tumor cells at the invasive front detach from the tumor mass and invade the surrounding tissue. Metastatic tumor cells often undergo EMT, a process characterized by up-regulation of motility promoting molecules such as the adhesion molecule L1CAM and the loss of epithelial markers such as E-cadherin and cytokeratines \[[@R3], [@R4]\]. At the same time the activation of the EMT inducing TFs SNAIL, SLUG, or Twist is observed \[[@R5], [@R6]\].

L1CAM plays an important role in the development of the nervous system and in the malignancy of human tumors \[[@R7]\]. L1CAM is overexpressed in many human carcinomas and augments cell motility, invasion and metastasis formation \[[@R8]\]. Several studies have shown that L1CAM positive carcinomas have a bad prognosis \[[@R7], [@R9]\]. For ECs we reported before that type II tumors, representing the most aggressive serous and clear-cell EC are positive for L1CAM \[[@R10]\]. In addition, a recent study has shown that also the less aggressive endometrioid EC (type I tumors) can occasionally express L1CAM conferring a bad prognosis to those patients \[[@R11]\].

The expression of L1CAM in tumor cells can be enhanced by various means. For ECs we demonstrated that L1CAM is up-regulated by TGF-ß treatment in an EMT-like fashion or by overexpression of the transcription factor SLUG \[[@R3], [@R10]\]. Similar observations were made for pancreatic cancer \[[@R12]\]. Interestingly, recent reports have shown that in cancer cell lines the L1CAM expression is augmented by treatment with DNA-demethylation agents that affect the methylation status of the L1CAM promoter \[[@R13]--[@R15]\]. Thus, existing data suggest that up-regulation of L1CAM at the transcriptional level can be achieved by various mechanisms. However, little is known about molecular mechanisms that suppress the expression of L1CAM in cancers.

MicroRNAs (miRNAs) are 22 nucleotide non-coding RNAs that are powerful regulators of gene expression. Dysregulation of miRNAs in cancer cells are known to be important in different steps of the tumorgenesis, from initiation and development to progression toward the acquisition of a metastatic phenotype \[[@R16], [@R17]\]. MicroRNAs can bind to specific binding sites in gene transcripts often located in the 3\'UTR and thereby target them to degradation by the RISC complex.

Here we have identified miR-34a as a suppressor of L1CAM in EC cells. Surprisingly, we observed that 5′-AzaC treatment of L1CAM positive EC cells led to rapid down-regulation of L1CAM that was accompanied by up-regulation of various miRNAs. Using L1CAM 3′-UTR specific assays, mutational analysis and overexpression we demonstrate that miR-34a is responsible for L1CAM down-regulation. Our results shed new light on L1CAM regulation in tumors and show for the first time a link between the p53/miR-34a axis and L1CAM in ECs.

RESULTS {#s2}
=======

5′-AzaC treatment differentially affects expression of L1CAM {#s2_1}
------------------------------------------------------------

We reported before, that the L1CAM expression in EC cell lines is induced or augmented by treatment with the DNA-demethylating agent 5′-AzaC \[[@R15]\]. In line with this, a strong up-regulation of L1CAM at the mRNA and protein level was observed in ECC1 cells that are only weakly positive for L1CAM (Fig. [1A](#F1){ref-type="fig"} and [B](#F1){ref-type="fig"}). In strong contrast, a similar treatment of the L1CAM positive EC cell lines HEC1B and SPAC1L lead to a loss of L1CAM protein and mRNA (Fig. [1A](#F1){ref-type="fig"} and [B](#F1){ref-type="fig"}). In OVMz ovarian carcinoma cells the level of L1CAM was also clearly reduced upon treatment. These findings were corroborated by FACS analysis revealing a clear reduction of L1CAM cell surface expression.

![Loss of L1CAM expression by demethylating agents\
(A) Cells were treated for 5 days with the indicated concentration of 5′-AzaC. Normal medium was used as a mock control. Cell lysates were prepared for Western blot analysis. MAb L1-11A was used as a primary antibody followed by peroxidase conjugated Goat anti mouse IgG and ECL detection. (B) Cells were lysed and mRNA was isolated and transcribed into cDNA. RT-PCR analysis was performed using ß-actin as internal standard. (C) Cells were treated with 5′-AzaC as described above and subjected to cytofluorographic analysis. (D) DNMT1 was depleted by specific siRNA and the level of L1CAM expression were analysed by RT-PCR. The knock-down efficiency for DNMT1 is also shown.](oncotarget-05-462-g001){#F1}

(Fig. [1C](#F1){ref-type="fig"}). Similar results were obtained when Decitabine instead of 5′-AzaC was used (data not shown).

To rule out the possibility that the pharmacological inhibition caused unspecific side effects, we depleted DNMT1 by specific siRNA. The DNMT1 knockdown significantly reduced the level of L1CAM mRNA in HEC1B as well as SPAC1L (Fig. [1D](#F1){ref-type="fig"}). These findings suggested that the interference with DNA-demethylation can differentially affects the expression of L1CAM.

HDAC inhibitor TSA does not suppress L1CAM {#s2_2}
------------------------------------------

In L1CAM low/negative cells it has been shown, that the treatment with HDAC inhibitors up-regulates L1CAM expression \[[@R13], [@R15]\]. We therefore examined whether TSA treatment would also lead to down-regulation in L1CAM positive cells. Clearly, L1CAM suppression was only observed in cells treated with 5′-AzaC or in combination with TSA but not with TSA alone (Fig. [2A](#F2){ref-type="fig"}). Importantly, the DNA-methylation sensitive genes *MAGE-A4* and *Ny-Eso-1* showed the expected up-regulation (Fig. [2B](#F2){ref-type="fig"}).

![HD AC inhibitors fail to induce L1CAM down-regulation\
(A) The indicated cell lines were treated with 5-AzaC, 5′-AzaC/TSA or TSA for 5 days and the cell lysates were used for western blot analysis with specific antibodies against L1CAM and GAPDH. (B) The expression levels of L1CAM and the cancer testis antigens Ny-Eso-1 and MAGE-A4 were analysed by RT-PCR in cells treated as described above. (C) Time kinetic of L1CAM down-regulation. Cells were treated for the indicated length of time with 5′-AzaC. Normal medium was used as a mock control. Analysis of LI CAM expression was performed by RT-PCR using ß-actin as internal standard.](oncotarget-05-462-g002){#F2}

Additional kinetic experiments showed that the loss of L1CAM proceeded in a time-dependent fashion (Fig. [2C](#F2){ref-type="fig"}). We concluded that in L1CAM positive cells 5′-AzaC but not TSA induced a strong and specific suppressive effect on L1CAM expression.

miRNA profiling identifies miR-34a as potential regulator {#s2_3}
---------------------------------------------------------

5′-AzaC treatment of cells is known to affect the activity of many genes including those encoding miRNAs. We postulated that the up-regulation of particular miRNAs might be responsible for the reduced expression of L1CAM. Therefore we carried out a miRNA profiling by comparing non-treated to 5′-AzaC-treated HEC1B and SPAC1L cells. We identified 74 miRNAs that were co-regulated in both cell lines (Fig. [3A](#F3){ref-type="fig"}).

![Identification of miRNAs involved in L1CAM regulation\
(A) HEC1B and SPAC1L cells were treated or non-treated with 5′-AzaC and subjected to miRNA profiling. Regulated miRNAs were compared between both cell lines. Common miRNAs were subjected to bioinformatic s analysis for their ability in silico to bind to the L1CAM 3′-UTR region. (B) Median fold changes of the 9 selected miRNAs are shown. (C) Lhe L1CAM-3′ UTR comprises 1196 bp and putative miRNA binding sites are indicated. Lhe miR-34a binding site is shown in large and the hsa-miR-34a sequence is also indicated. (D) Lhe indicated miRNAs were cloned into in pCMV-MIR and co-transfected with a L1CAM-3′ULR reporter plasmid into HEC1B cells. Cells were lysed and luciferase activity was measured after 48 h. Data are given as quotient of empty vector versus L1CAM-3 ′UTR reporter vector. (E) Representative values for miRNA overexpression are shown for miR-34a and miR512-3p. (F) Lhe miR-34a binding site in the L1CAM-3′ULR reporter vector was changed by site directed mutagenesis and the sequence was confirmed by DNA-sequencing (mutL1CAM-3 ′UTR). Likewise, a mutant form of miR-34a devoid of the seed sequence was generated. Wildtype and mutated L1CAM-3′ ULR plasmids were co-transfected with miR-34a or diluted miR-34a (10^−3^) or empty vector into HEC1B cells. Cells were lysed and luciferase activity was measured after 48 h.](oncotarget-05-462-g003){#F3}

In addition, we used bioinformatic data on putative miRNA binding sites in the 3′-UTR region of the L1CAM gene depicted in Fig. [3B](#F3){ref-type="fig"}. Applying these tools, we identified 9 miRNAs up-regulated in both cell lines (Fig.[3A](#F3){ref-type="fig"}). Strongest regulation was observed for miR-519d, miR-512-3p and miR-1293 (Fig. [3C](#F3){ref-type="fig"}).

miR-34a targets the 3′UTR sequences of L1CAM {#s2_4}
--------------------------------------------

To verify which miRNA might have regulatory capacity for L1CAM, we cloned the genomic sequences of the identified miRNAs into pCMV-MIR. We performed reporter assays in HEC1B cells by co-transfecting the cloned miRNAs together with a L1CAM-3′UTR reporter plasmid. Each analysis was done in comparison to the empty reporter plasmid and the results are summarized in Fig. [3D](#F3){ref-type="fig"}. Overexpression of pCMV-miR-34a showed the strongest reduction of reporter activity (Fig.[3D](#F3){ref-type="fig"} and [E](#F3){ref-type="fig"}). Mutagenesis of the miR-34a binding site in the 3′UTR reporter construct or in the miR-34a seed region (see Fig. [3B](#F3){ref-type="fig"}) abolished the suppressive effect in the reporter assay (Fig.[3F](#F3){ref-type="fig"}).

Overexpression of miR-34a affects L1CAM expression {#s2_5}
--------------------------------------------------

To verify whether miR-34a was able to regulate L1CAM, we overexpressed miR-34a encoding oligonucleotides in HEC1B cells. Transfection efficacy was verified by RT-PCR analysis. By comparing miR-34a versus a control oligonucleotide, a time-dependent decrease of L1CAM mRNA was observed that peaked at 96 h after transfection (Fig. [4A](#F4){ref-type="fig"}). L1CAM protein levels were likewise affected by miR-34a although to a lesser extent (Fig. [4B](#F4){ref-type="fig"}).

![Identification of miRNAs involved in L1CAM regulation\
(A) L1CAM expression levels after overexpression of miR-34a were determined by RT-PCR analysis at the indicated time points. Results are compared to a control miRNA (ctr1-mimic). (B) Efficiency of miR-34a overexpression was tested in parallel. (C) L1CAM protein expression in cells overexpressing miR-34a. Cells were lysed at the indicated time points and subjected to Western blot analysis. Densitometrical analysis of the gel bands for L1CAM are given. (D) miR-34a mimic and (E) miR-34a-inhibitor were overexpressed in HEC1B and HTB77 ovarian carcinoma cells. L1CAM expression levels were determined by RT-PCR after 96 h. (F) HEC1B cells overexpressing miR-34a were subjected to cell migration analysis.](oncotarget-05-462-g004){#F4}

We next tested whether inhibition of endogenous miR-34a would affect L1CAM expression levels in HEC1B and HTB77 cells. Whereas overexpression of miR-34a clearly decreased L1CAM expression as expected, the miR-34a inhibitor increased it in both cell lines (Fig.[4C](#F4){ref-type="fig"}). These results confirmed that miR-34a acts as a regulator of L1CAM levels in tumor cell lines.

L1CAM can profoundly affect cell migration and invasion of tumor cells \[[@R8]\]. To test whether overexpression of miR-34a accompanied with L1CAM loss had similar effects, we investigated cell migration after miR-34a transfection. We observed a clearly reduced cell migration that was comparable in magnitude to the depletion of L1CAM by specific siRNA (Fig.[4D](#F4){ref-type="fig"}). In summary, these results illustrate that the overexpression of miR-34a can suppress the migratory capacity of tumor cells.

Treatment of ECC1 cells with Nutlin-3a blocks L1CAM expression {#s2_6}
--------------------------------------------------------------

There is evidence that p53 regulates a miRNA network including the miR-34 and miR-200 family \[[@R18]\]. ECC1 cells have a low expression level for L1CAM (Fig.[5A](#F5){ref-type="fig"}) and possess a p53 wildtype genotype. Next, we tested whether the induction of endogenous miR-34a would influence L1CAM expression. Therefore, ECC1 cells were treated with Nutlin-3a, a small molecule inhibitor of MDM2 that has been shown to activate p53 \[[@R19]\] leading to the transcription of the miR-34 genes \[[@R20]\], Indeed, Nutlin-3a treatment up-regulated p53 and miR-34a expression in a dose-dependent manner (Fig. [5A](#F5){ref-type="fig"} and [B](#F5){ref-type="fig"}). It also blocked expression of L1CAM at the mRNA and protein level (Fig.[5A](#F5){ref-type="fig"} and [B](#F5){ref-type="fig"}). As expected, *c-Myc*, a known target gene of miR-34a, was down-regulated as well. (Fig.[5B](#F5){ref-type="fig"}).

![Nutlin-3a down-regulates L1CAM in wildtype p53 ECC1 cells\
(A) ECC1 cells were treated with the indicated concentration of Nutlin-3a for 48 h. DMSO served as solvent control. Cells were lysed and subjected to Western blot analysis. Antibodies against L1CAM, p53 and GAPDH were used as primary antibodies followed by peroxidase conjugated second antibodies and ECL detection. (B) L1CAM and miR-34a expression levels after Nutlin-3a treatment were determined by RT-PCR. c-Myc regulation served as positive control for Nutlin-3a effectivity. (C+D) SPAC1L cells carrying a p53 mutation were treated with Nutlin-3a and analysed as described before. (E) Western blot analysis of ECC1 cells after miR-34a inhibitor transfection and Nutlin-3a treatment. Cells were transfected with miR-34a inhibitor or control oligonucleotides and after 24h of incubation subsequently treated with Nutlin-3a for another 48h. (F) miR-34a expression after inhibitor transfection and Nutlin-3a treatment. The experiment was done as described before and the miR-34a levels were determined by stem loop qPCR.](oncotarget-05-462-g005){#F5}

We also investigated the effects of Nutlin-3a treatment in SPAC1L cells that carry a mutation of p53 (Pos. 273, Arg to His). In these cells Nutlin-3a was ineffective and neither down-regulation of L1CAM nor up-regulation of miR-34a occurred (Fig.[5C](#F5){ref-type="fig"} and [D](#F5){ref-type="fig"}). Likewise, *c-Myc* was not regulated (Fig.[5E](#F5){ref-type="fig"}). Similar results were obtained in HEC1B cells that carry another mutation in p53 (Pos. 248, Arg to G1n) (data not shown).

To demonstrate that the down-regulation of L1CAM in ECC1 cells was mediated by miR-34a, we transfected ECC1 cells with the miR-34a inhibitor or the control inhibitor and treated the cells 24 h later with Nutlin-3a. As shown in Fig. [5E](#F5){ref-type="fig"} and [F](#F5){ref-type="fig"}, the miR-34a inhibitor but not the control inhibitor attenuated the Nutlin-3a induced down-regulation of L1CAM. These results provided evidence that miR-34a was responsible for the L1CAM loss and suggested that only an intact p53/miR-34a axis can suppress L1CAM.

Inverse correlation between levels of miR-34a and L1CAM expression {#s2_7}
------------------------------------------------------------------

To assess a role of endogenous miR-34a in the regulation of L1CAM, a panel of EC cell lines was studied for their expression of L1CAM and the mutational status of p53 (Fig.[6A](#F6){ref-type="fig"}). Several cell lines showed significant expression of L1CAM as detected by Western blot analysis (Fig.[6B](#F6){ref-type="fig"}). We observed an inverse correlation between L1CAM and miR-34a expression levels (Fig.[6C](#F6){ref-type="fig"}). To extend these findings we examined L1CAM and miR-34a in primary ECs. RNA was extracted from both L1CAM positive or negative tumor areas as described before \[[@R15]\]. The results from paired areas of the same tumors are summarized in Fig. [6D](#F6){ref-type="fig"} and show that high miR-34a expression was only detected in 3/18 analyzed tumors. In these cases reduced levels of miR-34a were observed in L1CAM positive areas (Fig.[6D](#F6){ref-type="fig"}). However, due to the small number of cases these findings did not reach statistical significance.

![Expression of miR-34a and L1CAM are inversely correlated in EC cell lines and cancer tissues\
(A) Mutation status of p53 in different endometrial carcinoma cell lines. Indicated are the positions as well as sequences of the polymorphisms. (B) Western blot analysis of L1CAM expression in a panel of EC cell lines. Cells were lysed and subjected to Western blot analysis using mAb L1-11A as a primary antibody followed by peroxidase conjugated Goat anti mouse IgG and ECL detection. (C) Scatter blot of miR-34a expression in L1CAM positive (MFE280, HEC1B, ARK I, SPAC1L) and L1CAM negative (ARK II, Hec1A, MFE296, AN3CA, ENI, SNGM) cell lines (D) Correlation analysis of the relative miR-34a and L1CAM expression in a panel of EC cell lines. (E) Comparison of the relative miR-34a expression in L1CAM positive and negative areas of EC tumor sections from 18 patients. Patient samples were subdivided according to their different tumor phenotypes.](oncotarget-05-462-g006){#F6}

DISCUSSION {#s3}
==========

The control of L1CAM expression in cancers appears to be complex and is subject to both transcriptional and epigenetic regulation. Here we demonstrate that i) treatment of L1CAM positive EC cells with DNA demethylating agents lead to rapid loss of L1CAM protein and mRNA expression; ii) miR-34a is a putative binderte the L1CAM -3′UTR; iii) manipulation of miR-34a levels can affect L1CAM expression levels; iv) an inverse correlation between the L1CAM and miR-34a expression was noted in EC cell lines and primary tumor tissues. Collectively, our results show for the first time that L1CAM is regulated by miR-34a.

We among others have previously reported that the treatment of cells with demethylating agents can induce or augment the expression of L1CAM in otherwise low or negative cells \[[@R14], [@R15]\]. Importantly, using similar conditions for treatment we observed that in L1CAM strongly positive cells the exact opposite happened. In HEC1B and SPAC1L EC cells the L1CAM expression was lost at the protein and mRNA level. This contrasting outcome is unlikely due to changes in the methylation of the L1CAM promoter. We have shown before that in SPAC1L and HEC1B cells the promoter is hypomethylated \[[@R15]\] and further analysis revealed that 5′-AzaC treatment did not alter this status (H.Fiegl unpublished observations). We took this as an indication that the treatment had activated a genetic control mechanisms previously silenced in these cells. We searched for miRNAs that are known to target specific mRNAs for its degradation and identified miR-34a as a putative binder to the L1CAM-3′UTR region. MiR-34a is known as a tumor suppressor miRNA and is a transcriptional target of p53 \[[@R21]\]. MiR-34a was shown to play an important role in the regulation of EMT \[[@R22]\] and can target a variety of genes involved in tumor progression such as c-Met \[[@R23]\], SNAIL \[[@R24]\], E2F3a \[[@R25]\], PDGFR-aß \[[@R26]\]. Most recently, reduced chemoresistance and migration, as well as regulation of sternness markers in colorectal cancer cells were associated with miR-34a mediated repression of c-Kit by p53. \[[@R27]\].

We observed that overexpression of miR-34a down-regulated L1CAM at the mRNA and protein level in HEC1B cells and HTB77 cells. In line with this, a miR-34a inhibitor was able to boost L1CAM expression. Due to intrinsic difficulties to achieve high transfection efficacy, similar experiments could not be done in SPAC1L. We also observed that miR-34a overexpression lead to a significant decrease in cell motility. At this stage it is unclear whether we are solely targeting L1CAM-dependent motility as miR-34a can also interfere with c-Met-driven invasion and cell motility \[[@R23]\].

Another way to increase miR-34a levels is by activating p53. In fact, using p53-wildtype expressing ECC1 cells, we observed an up-regulation of miR-34a that was paralleled by a loss of L1CAM expression. Using the miR-34a inhibitor to block newly produced miR-34a this effect was attenuated suggesting that L1CAM down-regulation was indeed miR-34a-dependent. Importantly, Nutlin-3a was unable to induce these effects in mutant p53 expressing SPAC1L and HEC1B cells. These data suggested that only an intact p53-miR-34a axis can suppress L1CAM expression.

EMT is a key event during the onset of metastasis and miR-34a is involved in EMT by regulation of the TF SNAIL \[[@R24]\]. Interestingly, we reported before that overexpression of SLUG, that is related to SNAIL, can augment L1CAM expression and a correlation exists between L1CAM and SLUG expression levels \[[@R15]\]. It was therefore of interest to analyze whether elevated miR-34a levels might reduce SNAIL/SLUG expression and inhibit L1CAM expression indirectly by preventing transcription of the L1CAM gene. We failed to detect significant changes in SNAIL/SLUG levels at the RNA level in HEC1B cells after overexpression of miR-34a. Likewise, treatment of ECC1 cells with Nutlin-3a augmented SLUG/SNAIL levels rather than decreased them (RA. unpublished results). We conclude that the TFs SNAIL/SLUG do not significantly contribute to the observed down-regulation of L1CAM in EC cells.

A certain limitation of our study is that we do not know whether the cell lines we used in our study reflect the clinical situation of ECs. It is quite known that EC can be divided on the molecular level into two subtypes. Type I ECs are associated with PTEN inactivation and express ER/PR whereas in type II ECs the ER/PR expression is usually lost and p53 mutations are present \[[@R28]\]. A recent integrated genomic characterization of ECs has led to a more refined classification \[[@R29]\]. In previous work we have shown that type II ECs are generally positive for L1CAM, a feature shared by approx. 50% of the EC cell lines under study in the present report. Most of these cell lines also harboured p53 mutations but we did not discover a correlation between mutant p53 and L1CAM expression. Instead, we observed an inverse correlation between miR-34a and L1CAM in our cell lines. In EC tumor tissues we found elevated miR-34a levels only in 3/18 endometrioid ECs that are considered type I. In these cases we noted that L1CAM negative areas expressed higher amounts of miR-34a than the respective L1CAM positive areas. In the 6 samples derived from clear cell and serous EC (type II) the miR-34a levels were generally very low suggesting that these tumors had lost miR-34a expression.

Collectively, our results *in vivo* and *in vitro* provide evidence for a role of miR-34a in the regulation of L1CAM. These data shed new light on the complexity of mechanisms regulating the expression of L1CAM in human tumors.

METHODS {#s4}
=======

Cells, chemicals and antibodies {#s4_1}
-------------------------------

The endometrial carcinoma cell line ECC1 was maintained in DMEM/F12 medium. HEC1B, SPAC1L (both EC) and the ovarian carcinoma cell line OVMz were cultivated in RPMI-1640 medium (PAA Laboratories, Pasching, Austria). Media were supplemented with 10% fetal bovine serum.

Antibodies to the ectodomain of L1CAM (monoclonal antibody (mAb) L1-11A, a subclone of UJ127.11) were described before \[[@R30]\];\[[@R31]\]. The antibodies for detection in Western blot against GAPDH and p53 (DO-1) were from SantaCruz Biotechnology (Heidelberg, Germany). 5′-AzaC, TSA and Nutlin-3a were obtained for Sigma-Aldrich (St. Louis, USA) and dissolved in serum free medium or DMSO.

Treatment of cells and biochemical analysis {#s4_2}
-------------------------------------------

Cells were seeded in 6-well plates and treated for 5 days with 5′-AzaC or for 24h with TSA. The treatment with Nutlin-3a was for 48h. Treated cells were lysed for 15 min at 4°C in 1x NuPage LDS sample buffer (LifeTech, Carlsbad, CA) and sonified. After centrifugation at lO.OOOxg for 10min at 4°C, supernatant was collected and protein concentrations were determined with a commercial protein assay (Pierce, BCA protein assay, Thermo Scientific, Waltham, USA). 50ug of protein per lane was separated by 10% SDS-polyacrylamide gel electrophoresis. The SDS gel electrophoresis and western blotting was performed as described before \[[@R15]\].

FACS analysis {#s4_3}
-------------

The cells were stained with mAb L1 -11A conjugated with Alexa488 against L1CAM as described before \[[@R30]\]. An isotype-matched irrelevant mAb was used as background control. Stained cells were analysed with a FACS Canto II, using FlowJo software (Becton-Dickinson, Heidelberg, Germany).

Mimic and miRNA-inhibitor transfection {#s4_4}
--------------------------------------

24h before the treatment 1 × 10^5^ cells were seeded per 12-well. The transfection was performed with DharmaFECT 1 reagents (Thermo Scientific, USA) following the manufacturer\'s protocol. For each well the final oligonucleotide concentration was 100 nM. After transfection cells were cultivated for 72h and then used for the isolation of RNA and small RNAs. The oligonucleotides were from Dharmacon Thermo Scientific, including mimic RNA, mimic control, miRNA hairpin inhibitor and inhibitor control. (miRIDIAN microRNA hsa-mir-34a mimic, miRIDIAN microRNA mimic negative control, miRIDIAN microRNA hairpin inhibitor and inhibitor control). The mimic RNA and hairpin inhibitor was specific for hsa-miR-34a-5p.

Plasmid transfection {#s4_5}
--------------------

Transient transfection of HEC1B cells was done using FuGene (Roche, Switzerland). 24h before treatment 1 × 10^5^ cells were seeded per 12-well. For luciferase assay cells were transfected with 0.5 ug of the corresponding renilla-luciferase-UTR construct (in pLightSwitch vector), 0.83 ug miRNA expression vector (in pCMV-MIR) and 10 ng firefly-luciferase-vector (in pGL3-vector with SV40 promoter). For the overexpression of miR-34a, cells were transfected with 1.33 ug expression vector. Cells were harvested after 48 h of transfection and subjected to further analysis.

3′UTR-Luciferase assay {#s4_6}
----------------------

The Renilla-L1CAM-3′UTR plasmid was purchased from SwitchGear Genomics (Menlo Park, CA, USA) and combined with the dual luciferase assay from Promega (Madison, WI, USA). Cells were lysed 48 h after transfection in a 12-well plate, and the renilla and firefly luciferase activity was detected by the Promega dual luciferase assay kit. Co-transfection with firefly luciferase served as a transfection efficiency control and the renilla luciferase signal was normalized to the firefly signal. After the measurement the activities was calculated as a quotient of renilla to firefly signal and were set in relation to the pCMV vector control.

Quantitative RT-PCR {#s4_7}
-------------------

To check the mRNA level 10ng of cDNA was analyzed in triplicates. The PCR reactions were performed with the SYBRgreen Master Mix from Applied Biosystems in an ABI 7300 analyzer. Specific primers for mRNA level detection were determined with the online tool "Primer Express" (Applied Biosystems, Foster City, CA). Primers were produced by Sigma-Aldrich (St. Louis, USA) and used in a concentration of 300 μM. The sequences for the primers were published before \[[@R15]\].

For detection of the miRNAs with SYBRgreen, 2μl of the corresponding 1:10 diluted reverse transcription product was used. The stem loop reverse transcription of the miR-34a and RNU48 was adopted from the publication of Chen et al. \[[@R32]\]. Both reverse transcription products were used to perform a qRT-PCR with specific primers for miR-34a and RNU48. Primer sequences can be provided on request.

Expression analyses of single miRNAs with TaqMan miRNA assays {#s4_8}
-------------------------------------------------------------

TaqMan microRNA assay specific for miR-34a (Applied Biosystems, Assay ID 000426) was used to detect and quantify mature miR-34a. The assays were performed in accordance with manufacturer\'s instructions (Applied Biosystems, Carlsband, CA). miRNA expression was normalized to RNU48 (Applied Biosystems, Assay ID 001093) using the 2^ΔΔCt^ method.

miRNA screening {#s4_9}
---------------

Genome-wide miRNA expression was analysed by quantitative PCR using the TaqMan Array Human MicroRNA Cards Set v3.0 following the manufacturer\'s specifications (Applied Biosystems, Foster City, CA). Briefly, 30 ng total RNA was reverse transcribed with each of the Megaplex RT Primers separately (Human Pool

A v2.1 and Pool B v3.0) using the TaqMan MicroRNA Reverse Transcription Kit. Reverse transcription products were pre-amplified using the PreAmp Mastermix and Megaplex PreAmp primers (Human Pool A v2.1 and Pool B v3.0). Diluted pre-amplification products and TaqMan Universal PCR Master Mix were dispensed into the MicroRNA Cards and quantitative PCR was performed on the 7900 HT Fast Real-time PCR System (Applied Biosystems). CT values were determined using a baseline defined from cycle 3 to 15 and a threshold of 0.2. Raw CT values were median normalized for A and B Cards separately. Differentially expressed miRNAs between untreated and 5′-AzaC treated cells were identified by a paired t-test including 398 miRNAs that were measurable in all 4 samples.

Construction of miRNA Expression Plasmids {#s4_10}
-----------------------------------------

All miRNA sequences were cloned into the *SgfI* and *Mlu I* restriction sites of the pCMV-MIR vector (OriGene Technologies, Rockville MD, USA). The miRNAs were amplified from genomic DNA of tumor cell lines and the primers for cloning were located approximately 300 bp upstream and downstream of the mature target miRNA-sequence. A 6 bp linker sequence and the restriction enzyme sequence were added to the target primer sequences of the forward and reverse primer. The forward primers contains the *Sgf I* and the reverse primers contains the *Mlu I* sides. Sequences of the all primers are available on request. All PCR fragments were cloned into the pCMV-MIR vector and sequenced for control.

Plasmid mutagenesis {#s4_11}
-------------------

Site directed mutagenesis within the L1CAM-3′UTR renilla fusion plasmid were carried out using a mutagenesis kit (QuikChange II Site-Directed Mutagenesis Kit) following the manufacturer\'s instructions. For the exchange of the nucleic acids within the miR-34a binding sites the specific primers were used. The sequences of the mutagenesis primers can be provided on request.

Migration assay {#s4_12}
---------------

For the migration assay the cells were transfected as described above. Cells were cultured in serum free medium for 24h. After the starving 5 × l0^4^ HEC1B cells in 100 μ1 were seeded in a CIM 16 well E-plate. The continuous migration of the cells was documented and analysed in a time-resolved manner with the xCELLigence RTCA MP instrument and the RTCA Software 1.2 (Roche diagnostics, Mannheim, Germany) to measure the CI values. The migration was measured over a time period of 48h. During the measurement the lower chambers contained full growth medium as chemoattractant and the upper chambers medium without FCS.

Screening for p53 function {#s4_13}
--------------------------

A functional yeast-based assay was employed to analyse inactivating p53 mutations in EC cell lines as previously described \[[@R33]\]. In summary, mRNA was isolated and reverse transcribed, then p53 was amplified by PCR, and co-transfected into saccharomyces cervisiae with a linearized yeast expression vector carrying the 5′ and 3′ ends of the p53 open reading frame. Expression of transcriptionally active p53, which activates transcription of the yeast ADE2 gene, results in white colonies, whereas mutant alleles often lack transcriptional activity and result in smaller, red colonies. DNA from at least two red colonies was sequenced to characterize the p53 mutations.

Microdissection of tumor tissue and RNA isolation {#s4_14}
-------------------------------------------------

ECs were collected at the Department of Gynecology and Obstetrics, Medical University of Innsbruck. This project was approved by the local ethics committee (University of Innsbruck, UN3801; reference number: 282/4.12).

In total, we analyzed 9 endometrioid ECs (8 endometrioid ECs with areas of squamous differentiation), 7 clear cell ECs, 10 papillary serous ECs and 4 normal endometrial tissues. Immunohistochemistry for L1CAM was conducted as described elsewhere in detail \[[@R10]\]. RNA from FFPE punch biopsies was extracted using the RecoverAll™ Total Nucleic Acid Isolation Kit for FFPE (AM1975; Life Technologies, Vienna, Austria).
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